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11-Methylenepentacyclo5.4.0.02,6.03,10.05,9undecan-8-spiro-3'-diazi-
rine (1) has been synthesized and its photochemical decomposition
in different media has been investigated. Irradiation of N2-purged
benzene solution of diazirine 1 produced a mixture of four azine-
isomers 7a-d. However, photolysis of 1 in pentane gave a mixture
of hydrocarbons 6 as the main insertion products and traces of
1,3-bishomopentaprismane (5). The photolytic decomposition of 1
in N2-matrix at –196 °C proved the formation of diazo-compound 8,
which upon warm-up gave traces of 1,3-bishomopentaprismane (5).
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INTRODUCTION
The chemistry of carbene intermediates has been of considerable inter-
est to organic chemists over the past decades.1 Although some aspects of the
chemistry of carbene generated in different media appear to be relatively
well understood, it is generally not possible to predict with certainty the re-
action of cage-annulated carbenes.2–4
In our previous study,2 concerned with generation of 11-methylene-pen-
tacyclo5.4.0.02,6.03,10.05,9undecan-8-ylidene (9), we found that thermolysis
of 11-methylenepentacyclo5.4.0.02,6.03,10.05,9undecan-8-one tosylhydrazone
sodium salt afforded 1,3-bishomopentaprismane (5). However, generation of
carbene 9 by pyrolysis of the corresponding diazirine (i.e. 1, Scheme 2) gave
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tricyclic tetraene 4 as the major product. Also, we recently reported3 on the
carbene reactions of pentacyclo5.4.0.02,6.03,10.05,9undecan- -8-ylidene and
showed that the fate of this carbene depends upon reaction conditions under
which it is generated.
It has been shown that carbene may be produced by the thermal or pho-
tolytic decomposition of diazirines, which have become increasingly popular
and widely used carbene precursors.5 Upon thermolysis or photolysis, they
usually eliminate molecular nitrogen to form highly reactive divalent car-
bon species.
We now wish to report our results on the photolysis of 11-methylenepen-
tacyclo5.4.0.02,6.03,10.05,9undecan-8-spiro-3'-diazirine (1) in different me-
dia.
RESULTS AND DISCUSSION
The synthesis of diazirine 1 started from pentacyclo5.4.0.02,6.03,10.05,9un-
decan-8,11-dione.6 Monoketalization of dione, followed by modified Wittig
methylenation7 and formic acid catalyzed deketalization, afforded methyl-
ene ketone 2 in a 55% overall yield.8 Treatment of methylene ketone 2 with
freshly prepared hydroxylamin-O-sulfonic acid9 (HOS) in methanolic ammo-
nia at –35 oC afforded diaziridine 3 which was oxidized with silver oxide4a to
give diazirine 1 in 72% yield (Scheme 1).
Flash vacuum pyrolysis of diazirine 1 at 320 °C and 0.75 mm Hg gave a
mixture of two products, tetraolefin 42 and hydrocarbon 510 in a 9:1 ratio,
respectively.11 The ratio of products was obtained from the quantitative 13C
NMR spectrum of crude reaction mixture. By way of contrast, generation of
carbene 9 via photolysis of diazirine 1 resulted in the formation of different
products (i.e., 5, 6 or 7, Scheme 2).
Irradiation of N2-purged benzene solution of diazirine 1 in a Pyrex ves-
sel by 350 nm radiation12a produced merely a mixture of four azines 7a-d12b















(Sheme 3). 13C NMR spectrum of the mixture showed six signals of the cor-
responding different carbon atoms at 175.1, 174.6, 174.2, 172.4, 172.3, and
172.2 ppm, which could be assigned to the six different C=N groups and eleven
signals at 153.7, 153.6, 153.5, 153.3, 153.2, 153.1, 104.7, 104.6, 104.5, 104.3,
and 104.2 (2C) ppm, which belong to the C=CH2 carbon atoms. This is in ac-
cord with the structures of four azine-isomers, two of which with C1 symme-
try (7a and 7b) and the other two with C2 (7c) and Ci (7d) symmetry.
13
The result obtained from the photolysis of 1 in pentane is in contrast to
that in benzene. Here, the main product (56%) is composed of the mixture of
three isomeric hydrocarbons 6, which are obtained by insertion of carben to
pentane CH-bond in a 1:2:8 ratio,14 and a small amount of 1,3-bishomopen-
taprizmane (5).
The formation of all products could be explained by formation of carbene
9, which reacts further, depending on reaction conditions, to give 5, 6 or 7 as
shown in Scheme 3. The formation of linear diazo-intermediate has been
proposed in the photodecomposition of adamantane-2-spiro-3'-diazirine.15
Also, Stevens and coworkers16 have provided evidence of the formation of
diazocycloalkane in the initial phase of liquid-phase photolysis of cycloalka-
ne-spiro-diazirines. However, it has also been proposed that azine may arise
from the reaction of carbene with diazirine. The mechanism of nitrogen loss
from diazirines and diazo-compounds has been the subject of many re-
ports.5b
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Scheme 2
To gain more information about the intermediates, diazirine 1 was pho-
tolyzed in N2-matrix at –196 °C and the product was analyzed by IR spec-
troscopy (Figure 1).17 After irradiation of 1 with high pressure mercury
lamp for 30 min, the band at 1580 cm–1, characteristic of the diazirine-
group, disappeared and two new bands appeared at 2340 and 2050 cm–1 (Fi-
gure 1 c). The same IR spectrum was obtained when diazo compound 8 was
deposited on cold CsI window (–196 °C) by pyrolizing its tosylhydrazone so-
dium salt under reduced pressure (0.75  10–3 mm Hg, Figure 1f), and then
photolyzing the product for 30 min (Figure 1e). Upon warm-up to room tem-
perature, in both photolyses (Figure 1c and e), identical IR spectra (d) were
obtained. According to 1H NMR spectra, traces of 1,3-bishomopentaprisma-
ne (5) were obtained. (See Experimental).
578 K. MLINARI]-MAJERSKI ET AL.
Scheme 3
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Figure 1. (a) IR spectrum of 1 in KBr at room temperature; (b) IR spectrum of 1 on
CsI window at –196 °C; (c) IR spectrum after photolysis of 1 at –196 °C; (d) IR spec-
trum after photolysis of 1 and warm-up to room temperature; (e) IR spectrum after
photolysis of 8 at –196 °C; (f) IR spectrum of 8 deposited on CsI window at –196 °C.
CONCLUSIONS
11-Methylenepentacyclo5.4.0.02,6.03,10.05,9undecan-8-spiro-3'-diazirine (1)
has been synthesized via the method shown in Scheme 1 and photochemical
decomposition of 1 in different media was studied. Photolysis of diazirine 1
in benzene solution afforded a mixture of four azine-isomers 7a-d, while ir-
radiation of 1 in pentane solution gave a mixture of hydrocarbons 6 as main
products with a small amount of 1,3-bishomopentaprismane (5). Also, pho-
tolysis of 1 in N2-matrix at –196 °C gave evidence that the photodecomposi-
tion of diazirine 1 takes place through the formation of diazocompound 8,
which then gives the carbene 9 by elimination of nitrogen.
EXPERIMENTAL
Purity of all compounds was determined by GLC and/or 13C NMR. GLC analyses
were carried out on a Varian 3300 gas chromatograph on capillary columns DB-210
and DB-1. 1H and 13C NMR spectra were taken on a Varian Gemini 300 (300/75
MHz) spectrometer. IR spectra were recorded on a Perkin-Elmer M-297 spectropho-
tometer. UV spectra were recorded on a Philips PU 8730 UV/VIS spectrophotometer.
Melting points (uncorrected) were determined on the Kofler hot-stage apparatus and
elemental analyses were performed in the Central Analytical Laboratory, Rudjer
Bo{kovi} Institute.
11-Methylenepentacyclo5.4.0.02,6.03,10.05,9undecan-8-one (2).
A mixture of 11-methylenepentacyclo5.4.0.02,6.03,10.05,9undecan-8-one ethylene
ketal (4.2 g, 19 mmol) and formic acid (16.4 mL) was stirred for 10 minutes at 65 oC,
then poured into cold water (50 mL) and extracted with 4:1 mixture of pentane/ether
(3  30 mL). Combined extracts were washed with saturated aqueous NaHCO3 solu-
tion and dried over MgSO4. Evaporation of solvent yielded crude product 2, which
was purified by column chromatography on Al2O3 (activity II/III) with pentane/ether
(4:1) as eluent and 3.0 g (90%) of pure methylene ketone 2 was obtained. IR and 1H
NMR spectra of 2 are in accord with the literature data.8
13C NMR (CDCl3) d/ppm: 217.1 (s), 149.9 (s), 105.3 (t), 54.8 (d), 53.7 (d), 48.5 (d), 46.1
(d), 44.0 (d), 43.6 (d, 2C), 38.8 (d), 36.9 (t).
11-Methylenepentacyclo5.4.0.02,6.03,10.05,9undecane-8-spiro-3'-diazirine (1).
A solution of methylene ketone 2 (0.3 g, 1.7 mmol) in abs. methanol (4.5 mL) was
cooled to –70 oC and liquid ammonia (ca. 15 mL) was added dropwise. Stirring was
continued for 45 min and freshly prepared HOS (hydroxylamine-O-sulfonic acid,9
0.4 g, 3.5 mmol) dissolved in methanol (2 mL) was added. The reaction mixture was
stirred for 3 hours at –35 oC and then overnight at room temperature. Reaction mix-
ture was poured into water (20 mL). Crude compound 3 was extracted with CH2Cl2
(3  20 mL). Combined extracts were dried over MgSO4. Evaporation of the solvent
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yielded crude diaziridine 3. The purity of 3 was checked with IR and the crude mate-
rial was submitted to the next reaction.
3: IR (KBr) nmax/cm–1 3190, 2960, 2860, 1670, 1450, 1420, 1380, 1350, 1280, 1190,
1170, 1040, 880.
To a solution of crude diaziridine 3 in methanol (15 mL), a 1 N solution of AgNO3
(2.8 mL) was added and then slowly a 2.5 N solution of NaOH (1 mL). The mixture
was stirred 15 min at room temperature and filtered. Filtrate was diluted with (50
mL) water and extracted with CH2Cl2 (3  20 mL). The extracts were dried over
MgSO4. Solvent was evaporated to afford 1, which was purified by column chroma-
tography on Al2O3 (activity II/III) with pentane as eluent and 0.170 g (54%) of pure
11-methylenepentacyclo5.4.0.02,6.03,10.05,9undecane-8-spiro-3'-diazirine (1) was ob-
tained as a waxy solid.
UV (EtOH) lmax/nm(log e): 350.2 (2.22), 367.2 (2.24); IR (KBr) nmax/cm–1: 3060, 2960,
2860, 1680, 1580, 1570, 1450, 1280, 1270, 1140; 1H NMR (CDCl3) d/ppm: 4.96 (d, J 
1.28 Hz, 1H), 4.89 (d, J  1.28 Hz, 1H), 3.12–3.04 (m, 1H), 3.00–2.70 (m, 4H), 2.49
(br.s, 1H), 1.80–1.60 (m, with clear doublet at 1.72, J  10.5 Hz, 2H), 1.50–1.35 (m,
with clear doublet at 1.43, J  10.5 Hz, 2H); 13C NMR (CDCl3) d/ppm: 152.7 (s), 104.8
(t), 50.4 (d), 48.6 (d), 47.7 (d), 44.8 (d), 42.7 (d), 42.6 (d), 41.3(d), 41.2 (d), 38.1 (s),
36.5 (t); HRMS for C12H12N2 M+1 calculated:185.107873, found: 185.107327.
Pyrolysis of diazirine 1
A two-neck flask containing diazirine 1 ( 0.250 g, 1.35 mmol) was connected to a
horizontal glass tube (22 cm long, 8 mm i.d.), heated to 320 °C by an external ribbon,
followed by a »U« trap cooled by liquid nitrogen and attached to the vacuum. A gen-
tle stream of nitrogen was introduced through the flask to maintain moderate vac-
uum (0.75 mm Hg) in the system. The product (0.088 g, 0.56 mmol, 41%) collected in
the trap was dissolved in CDCl3 and analyzed by GLC to be a mixture of two prod-
ucts in a 9:1 ratio.11 On the basis, of its spectra the major product was identified as
tetraolefin 42 and the minor product as the 1,3-bishomopentaprismane (5).2,10
Photolysis of diazirine 1
Photolysis in benzene: A solution of 1 (0.111 g, 0.6 mmol) in benzene (1 mL) was
placed in a Pyrex tube, purged for 30 min. with a stream of nitrogen and then irradi-
ated in a Rayonet reactor equipped with sixteen 350 nm lamps for 0.5 h. After
evaporation of solvent, the crude reaction mixture was chromatographed on a silica
gel column with 0  30% ethylacetate in CH2Cl2 as eluent to give 62 mg (56%) of a
mixture of four azines 7.18
IR (KBr) nmax/cm–1: 3080, 2960, 2860, 1670, 1450, 880; 1H NMR (C6D6) d/ppm: 4.80–
4.55 (m, 4H), 4.20–3.73 (m, 2H), 3.20–2.15 (m, 14H), 1.60–1.40 (m, 2H), 1.25–1.08
(m, 2H); 13C NMR (C6D6) d/ppm: 175.1 (s), 174.6 (s), 174.2 (s), 172.4 (s), 172.3 (s),
172.2 (s), 153.7 (s), 153.6 (s), 153.5 (s), 153.3 (s), 153.2 (s), 153.1 (s), 104.7 (t), 104.6
(t), 104.5 (t), 104.3 (t), 104.2 (t, 2C), 53.5 (d), 53.4 (d), 53.2 (d), 52.8 (d), 52.6 (d), 51.5
(d), 51.4 (d), 51.3 (d), 48.2 (d), 48.1 (d), 48.0 (d), 47.9 (d), 46.2 (d), 46.1 (d), 46.0 (d),
45.8 (d), 45.4 (d), 45.2 (d), 44.7 (d), 44.6 (d), 44.5 (d), 44.3 (d), 43.8 (d), 43.7 (d), 43.5
(d), 43.4 (d), 43.3 (d), 40.6 (d), 40.5 (d), 40.1 (d), 40.0 (d), 39.9 (d), 39.8 (d), 38.5 (d,
2C), 37.99 (t), 37.93 (t, 2C), 37.87 (t, 2C), 37.84 (t).
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Anal. Calcd. for C24H24N2 (Mr  340.42): C 84.67, H 7.10, N 8.23%; found: C
84.48, H 7.24, N 8.24%.
Photolysis in pentane: A solution of 1 (0.173 g, 0.94 mmol) in pentane (450 mL)
was placed into a Pyrex vessel, purged for 30 min with a stream of nitrogen, then
cooled to 10 oC and irradiated in a Rayonet reactor equipped with sixteen 350 nm
lamps for 1.5 h. Pentane was evaporated end the crude product was analyzed on
GLC (capillary column DB-1, 30 m, 130–200 °C and DB-210, 15 m, 95 °C) to be a
mixture of three products in a 1:2:8 ratio.14 We were not able to separate this mix-
ture. After chromatography on a silica gel column with pentane as eluent, 120 mg
(56%) of the mixture of hydrocarbons 6 was obtained as a viscous oil.
IR (KBr-film) nmax/cm–1: 3080, 2960, 2860, 1670, 1460, 1380, 880; 1H NMR (CDCl3)
d/ppm: 4.65 (br.s, 1H), 4.57 (br.s, 1H), 2.83–2.25 (m, 8H), 1.66 (d, J  10.5 Hz, 1H),
1.37–0.70 (m, 13H); 13C NMR (CDCl3) d/ppm: 155.3, 103.6, 102.9, 50.1, 47.4, 47.3,
47.0, 46.4, 44.1, 43.9, 42.1, 42.0, 41.8, 40.9, 38.9, 37.6, 35.8, 34.9, 32.4, 32.1, 29.5,
25.9, 22.1, 20.5, 20.0, 19.5, 17.7, 16.4, 14.3; MS m/z: 228 (25), 199 (21), 149 (43), 148
(100), 119 (24), 107 (52), 93 (51), 91 (48), 79 (32), 77 (28), 65 (15), 51 (11), 43 (33), 41
(39).
Photolysis in nitrogen-matrix: Diazirine 1 was codeposited with N2 on a cold CsI
window17 at –196 °C for 1 hour and its IR spectrum was recorded. Then, the matrix
was irradiated with a 400 W high-pressure mercury lamp for 30 min and the IR
spectra were taken at 10 min intervals. After 30 min of irradiation, the signal at
1580 cm–1 (frequency characteristic of the diazirine group) completely disapeared
and two new signals appeared at 2340 and 2050 cm–1. Then, the matrix was irradi-
ated with a UVP R-52G lamp (max. 254 nm) for additional 30 minutes and the IR
spectra were taken. However, no significant change in the IR spectra was observed.
The matrix was allowed to warm-up slowly to room temperature and the product
was washed off from the CsI-finger in the NMR-tube with CDCl3 and the 1H NMR
spectrum was recorded. Besides the polymeric material, the signals of 1,3-homopen-
taprismane (5) were observed.
Acknowledgments. – We thank the Ministry of Science and Technology (Grant
P00980702) and in a part the Croatian-American Joint Fund, in cooperation with
the Croatian Ministry of Science and Technology and the U. S. National Science
Foundation, for financial support of this study. Also, we thank Prof. H. Van~ik of the
Faculty of Science, University of Zagreb, for making available the facilities for cryo-
genic experiments.
REFERENCES AND NOTES
1. (a) W. Kirmse, Carbene Chemistry, Academic Press, New York, 2nd Edition 1971;
(b) M. Jones, Jr. and R. A. Moss (Eds.), Carbenes; Wiley, New York, Vol. 1., 1973;
Vol. 2., 1975; Vol. 3., 1978;
(c) M. Regitz (Eds.), Carbenen(oide), Carbine; part 1 and 2, Houben-Weyl, Metho-
den der Organischen Chemie, Vol. E19b, Thieme, Stuttgard, Germany, 1989;
(d) U. H. Brinker (Ed.), Advances in Carbene Chemistry, JAI, Greenwich, CT,
1994, Vol. 1.
2. Z. Majerski, J. Veljkovi}, and M. Kaselj, J. Org. Chem. 53 (1988) 2662–2664.
582 K. MLINARI]-MAJERSKI ET AL.
3. A. P. Marchand, K. A. Kumar, K. Mlinari}-Majerski, and J. Veljkovi}, Tetrahedron
54 (1998) 15105–15112.
4. 2-Adamantylidene is the most studied polycyclic carbene. For some references
see: (a) S. D. Isaev, A. G. Yurchenko, F. N. Stepanov, G. G. Kolyada, S. S. Novikov,
and N. F. Karpenko, Zh. Org. Khim. 9 (1973) 724–727;
(b) H. Bayley and J. R. Knowles, Biochemistry 17 (1978) 2420–2423;
(c) R. A. Moss and M. J. Chang, Tetrahedron Lett. 22 (1981) 3749–3752;
(d) D. A. Modarelli, S. Morgan, and M. S. Platz, J. Am. Chem. Soc. 114 (1992)
7034–7041;
(e) R. Kupfer, M. D. Poliks, and U. H. Brinker, J. Am. Chem. Soc. 116 (1994)
7393–7398;
(f) T. Bally, S. Matzinger, L. Truttmann, M. S. Platz, and S. Morgan, Angew.
Chem. Int. Ed. Engl. 33 (1994) 1964–1966;
(g) J. S. Buterbaugh, J. P. Toscano, W. L. Weaver, J. R. Gord, C. M. Hadad, T. L.
Gustafson, and M. S. Platz, J. Am. Chem. Soc. 119 (1997) 3580–3591.
5. (a) M. T. H. Liu, Chem. Soc. Rev. 11 (1982) 127–140;
(b) M. Regitz and G.Maas,Diazo Compounds,Academic Press, Inc., London, 1986.
6. A. P. Marchand and R. W. Allen, J. Org. Chem. 39 (1974) 1596.
7. W. G. Dauben and A. F. Cunningham, Jr., J. Org. Chem. 48 (1983) 2842–2847.
8. For the other route to methylene ketone 2 see: A. P. Marchand and R. Kaya, J.
Org. Chem. 48 (1983) 5392–5395.
9. M. W. Rathke and A. A. Millard, Org. Synth. 58 (1978) 32–36.
10. A. P. Marchand and A. Wu, J. Org. Chem. 51 (1986) 1897–1900.
11. The ratio of products varied with the applied temperature. At 300 °C, the ratio of
4 : 5 was 8 : 1. For the mechanism of the formation of 4 and 5, see reference 2.
12. (a) The excitation wavelength of 350.0 nm was chosen in accord with the absorp-
tion spectrum of 1 (lmax1  350.2 and lmax2  367.2). (b) According to the 13C
NMR spectra, the mixture of azines is composed of the four isomers 7a-d in a
similar ratio.
13. The structures of azines 7a-d were optimized by semiempirical PM3 calculations
using the HyperChem 5.0 program. Geometries were optimized until the root
mean square value of the energy gradient was less than 0.001 kcal mol–1 Å–1 us-
ing the Restricted Hartree Fock method (RHF) and convergence limit of 10–5 kcal
mol–1 with optimization of all geometrical variables (bond length, bond angles,
and dihedral angles).
14. The ratio of hydrocarbons 6 is in accord with the known fashion of CH-insertion of
carbene to alkanes. See: (a) W. von E. Doering, R. G. Buttery, R. G. Laughlin, and
N. Chaudhuri, J. Am. Chem. Soc. 78 (1956) 3224;
(b) D. B. Richardson, M. C. Simmons, and I. Dvoretzky, J. Am. Chem. Soc. 82
(1960) 5001–5002.
15. S. D. Isaev, V. P. Sherstyuk, O. F. Kozlov, V. V. Skripkin, and I.Yanku, Teor. Eksp.
Khim. 27 (1991) 211–220.
16. G. F. Bradley, W. Brian, L. Evans, and I. D. R. Stevens, J. Chem. Soc., Perkin
Trans. 2 (1977) 1214–1220.
17. The aparatus used for this experiment has been described previously; see: H. Van-
~ik and D. E. Sunko, J. Am. Chem. Soc. 111 (1989) 3742–3744.
18. When the reaction was carried out in 10 mL of benzene, a small amount of 1,3-
bishomopentaprismane (5) was obtained.




Reakcija ovisna o mediju.
Kata Mlinari}-Majerski, Jelena Veljkovi} i Mira Kaselj
Sintetiziran je 11-metilenpentaciklo[5.4.0.02,6.03,10.05,9]undekan-8-spiro-
3'-diazirin (1) i prou~avana je njegova fotoliza u razli~itim reakcijskim uvje-
tima. Osvjetljavanjem benzenske otopine diazirina 1 nastaje smjesa izomer-
nih azina 7a-d. Me|utim, fotolizom pentanske otopine diazirina 1 kao glavni
produkt nastaje smjesa ugljikovodika 6 i mala koli~ina 1,3-bishomopen-
taprizmana (5). Fotoliti~kom dekompozicijom diazirina 1 u N2-matrici pri
–196 °C potvr|eno je nastajanje diazo-spoja 8 koji zagrijavanjem daje 1,3-
bishomopentaprizman (5).
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